Abstract The applicability of the Willems et al. model was verified on a collected sample of Malay (Malaysian nationality) children. This sample was split in a reference sample to develop a Malay-specific prediction model based on the Willems et al. method and in a test sample to validate this new developed model. Next, the incorporation of third molars into this model was analyzed. Panoramic radiographs (n=1,403) of Malay children aged between 4 and 14.99 years (n=702) and subadults aged between 15 and 23.99 years (n=701) were collected. The left mandibular seven permanent teeth of the children were scored based on the staging technique described by Demirjian and converted to age using the Willems et al. method. Third molar development of all individuals was staged based on the technique described by Gleiser and Hunt modified by Kohler. Differences between dental age and chronological age were calculated and expressed in mean error (ME), mean absolute error (MAE), and root mean square error (RMSE). The Willems et al. model verified on the collected Malay children overestimated chronological age with a ME around 0.45 year. Small differences in ME, MAE, and RMSE between the verified Malay-specific prediction model and the Willems et al. model were observed. An overall neglected decrease in RMSE was detected adding third molar stages to the developed permanent teeth model.
Introduction
The most accurate dental age estimation methods in children (4 to 14.9 years) are based on the radiologically observed tooth development of the permanent teeth (except third molars) [1] . This radiologically observed dental development can be staged using the technique of Demirjian et al. [2] . The same author developed an age estimation method based on the observed developmental stages of the lower left permanent teeth excluding the third molars. This method was modified by Willems et al. [3] using a weighted ANOVA on a reference sample of Belgian children (n= 2,116). The Willems et al. method was found to provide most accurate age predictions in children [1, 4, 5] .
In Malaysia, the flood of irregular migrants from the neighboring countries is high. With the increase in border surveillance, irregular migrants are predominantly those who enter the country lawfully under different visa conditions, but overstayed. About half of the Indonesians who entered Malaysia under a tourist visa between 1996 and February 2003 failed to return home upon the expiry of their visa [6] . When it comes to offenses and punishments, most irregular migrants have no valid age documentation, implicating that age estimations play an important role pertaining conviction and juvenile rehabilitation. Therefore, age estimations in particular age groups are of interest. Children below 12 years are not liable for certain major offenses such as aggravated assault, murder, and robbery. A child cannot be employed below 14 years. The status of majority for both sexes and the legal permissible age for marriage in females is set at 18 years. Legally, males can marry at the age of 21. According to Malaysian law Section 2 of the Malaysian Child Act 2001 and Section 82 of the Penal Code, a person under the age of 18 years old is considered as child and has not attained the age of criminal responsibility.
The aims of this study were as follows: firstly, to verify the Willems et al. age estimation model on a sample of Malay children; secondly, to develop and verify a Malay-specific age prediction model based on the Willems age estimation method; thirdly, to evaluate the age prediction accuracy adding third molar information in the Willems model.
Materials and methods
A sample of 1,403 digital panoramic radiographs from individuals with Malaysian nationality (691 males, 712 females) residing in the same geographic area and from equal Malay ethnic origin was retrospectively collected. The Malaysian nationality was checked by controlling the citizenship status in the presented Malaysian national registration identity card. The individuals were classified from Malay origin if their paternal and maternal names indicated the same ethnic origin. The collected sample consisted of 702 children (4-14.99 years) and 701 subadults (15-23.99 years) ( Table 1 ). The sampling was performed at the Faculty of Dentistry of University Teknologi MARA (UiTM) and University of Malaya (UM), Malaysia from the year 2006 to July 2011. The selection criteria were good image quality and no medical evidence or pathology affecting tooth development visible on the panoramic radiographs. All included subadult individuals had at least one third molar present. Protocols to collect radiographs for human subjects were approved by the Ethics Committee for Research Involving Human Subjects of both universities (UiTM, UM). The images were stored without compression as jpeg files of 2.5 mB and dimension of 2,440×1,280 pixels. To avoid bias, prior to data scoring, all images were relabeled randomly in numeric order and all related information was made anonymous. Assessments were performed using Adobe®Photoshop® CS2 version 9.0 software, (Adobe Systems Incorporated, San-Jose CA, USA), enabling image enlargement and improvement of the image quality during data collection.
The seven permanent left mandibular teeth (PT) of the children were staged using the Demirjian technique [2] and all third molars available (TM) in the sample were staged according the Gleiser and Hunt technique [7] modified by Kohler [8] . After 1 month, 100 randomly selected radiographs were staged by the first and a second observer.
Kappa statistics were used to evaluate the intra-and interobserver reliability
The Willems et al. model, developed on a reference sample of Belgian children [3] , was verified on the collected Malay children sample.
Next, the children sample was randomly, but stratified on age (categories) and gender, divided in a training dataset and a test dataset. A Malay-specific prediction model, utilizing the Willems et al. [3] method, was fitted on the subjects in the training dataset. The test dataset was used to verify the All reported values are expressed in years M male, F female, ME mean error, SD standard deviation, MAE mean absolute error, RMSE root mean square error, 95 % CI 95 % confidence interval constructed Malay-specific prediction model and the original Willems et al. model. To compare the age prediction performances, the error of the age prediction was defined as the difference between the chronological age and the estimated age (chronological age − estimated age). For calibration purposes, the error was expressed as mean error (ME), to quantify the direction of the error (overestimation or underestimation); mean absolute error (MAE), to quantify the magnitude of the error; and the root mean square error (RMSE), to enable to quantify the variance in errors (giving large errors more weight). Note that the RMSE will be larger or equal than the MAE. In circumstances where the RMSE equals the MAE, then all errors are of the same magnitude.
To detect the age prediction accuracy of TM development information added to PT development information, three linear regression models, with the scored stages as predictor and age as response, were developed. The first provided predictions based only on the observed PT stages, the second only on the TM stages, and the third was a multiple regression model combining the PT and TM stages. This analysis was based on subjects with no missing PT and no missing TM stages. From each model, the RMSE was calculated for comparison.
For all analyses, SAS software, version 9.2 of the SAS System for Windows was used.
Result
The intraobserver analysis for PT and TM revealed a weighted kappa coefficient of 0.98 and 0.78, respectively. The weighted kappa coefficient for the interobserver analysis was of 0.73 for PT and 0.67 for TM.
The Willems et al. model verified on the collected Malay children overestimated chronological age with a ME of 0.45 year considering girls and boys together ( Table 2 ).
Small differences in ME, MAE, and RMSE between the verified Malay-specific model and the Willems et al. model were detected: 0.29, 0.03, and 0.08 year in females and 0.70, −0.01, and 0.07 year in males, respectively (Table 3 ). All these differences were not significant (p=0.05) except for the ME difference in males. Starting at the age of 5 years, gender-specific, the RMSE values from the verified Malayspecific and the Willems et al. model were listed per age category of 1 year (Table 4) .
The regression models using only PT, only TM, and PT combined with TM were evaluated on the group of subjects having PT and TM stages. An overall negligible, statistically not significant, decrease in RMSE of 0.007 year (2.5 days) in females and 0.027 year (9.8 days) in males was detected adding TM stages to the PT model. The results varied over age. A decrease of the variance in error was only observed in F female, M male, ME mean error, SD standard deviation, MAE mean absolute error, RMSE root mean square error, CI confidence interval (Table 5 ).
Discussion
The land of peninsular Malaysia is enriched with a multiracial population of mixed ethnicity. In the Malaysian population, three major ethnic groups are present, with Malays in the biggest portion (around 50 %) followed by Chinese (around 25 %) and Indian (around 7 %). The remaining ethnics constitute minor ethnic groups and foreigners [5] . Therefore, care was taken to derive the studied sample, specifically from the Malay ethnic population. In the present study, it was observed that Malay children were overestimated, verifying the Willems et al. model (developed on a reference sample of Belgian children) on the collected Malay children sample, because negative results were obtained subtracting predicted age from the chronological age. Indeed, the calculated ME indicated a mean overestimation of male ages with 0.58 year (212 days) and female ages with 0.32 year (117 days) ( Table 2 ). Nik-Hussein et al. [5] and Mani et al. [4] reported dental age assessments in Malaysian children comparing the Demirjian et al. [2] and the Willems et al. [3] method. In both studies, the ages were overestimated applying the Willems et al. method with 0.55 and 0.30 year in males and 0.41 and 0.05 year in females for the Nik-Hussein and Mani study, respectively. The finding by Mani et al. showed best resemblance with the current study and included likely Malay subjects. However, this finding does not allow to conclude that the origin of the included subjects was the cause of the difference in age prediction error between these studies. Therefore, further research on samples from the involved populations, collected on identical basis (e.g., number of subjects, distribution in age and gender), is necessary.
The verified Malay-specific model and the Willems et al. model revealed age estimation results with equal magnitude and variance in error. These findings reflect not only the usefulness of the Belgian population as reference but also the difference (if any) in size of the training set (n=311) and the set of subjects used by Willems et al. (n=2, 116) to develop the prediction model. The obtained results were not constant over the different age categories of 1 year. To determine the variance in age estimation outcome in the particular age groups of interest in Malay, the RMSE were reported per age category of 1 year (Table 4) .
The RMSE decreased in the age category from 14.00 to 15.99 years, in females with 0.34 and in males with 0.60 year, adding age-related dental development information of TM to the available PT information. This gain in explained variance in age prediction can be explained by the fact that in the considered age category multiple PT are already fully matured, consequently providing no more tooth developmental age information. In this period, TM are fully developing and their added age-related tooth developmental information improves the accuracy of the age predictions. In the context of the particular age groups of interest in Malaysia, it should be considered, evaluating the age of 14 year (child employment), to use the model combining PT and TM stages. The combined PT and TM model provides in all age categories decreased RMSE values compared to the RMSE values obtained from the model based on only TM. Because the magnitude of this decrease is not high enough to obtain smaller RMSE values than obtained from the model based on only PT information, the age estimation model expected to provide the best age prediction accuracy in children remains the model including only PT stages.
Conclusion
Although the Willems et al. model verified on Malaysian children overestimates chronological age, no indication were found to develop a Malaysian-specific prediction model based on a large Malaysian reference sample. Adding age-related third molar development information to agerelated permanent teeth information is only ameliorating the age prediction accuracy in the age group of children between 14 and 16 years. 
